Thin films of ferric ferrocyanide (Prussian Blue) were electrochemically deposited on interdigitated array (IDA) electrodes yielding systems which can be considered as chemiresistors in sensing alkali ion concentrations in an adjacent electrolyte. From the dependence of the steady-state current on the electrode (bias) potential at variable cation concentrations for different alkali ions and for mixtures of alkali ions, the possibilities of analytical application are elucidated. It is concluded that Prussian Blue-coated IDA electrodes are, in principle, suitable as chemiresistors for the determination of alkali ion concentrations with increasing selectivity in the series Li<Na<K<Rb<Cs.
Introduction
Prussian Blue (PB) has attracted much interest from electrochemists because of its electroanalytic [ 13, electrochromic [ 21, charge storage [3,4] and membrane [5] properties. Wrighton and coworkers pioneered the use of microlithographically defined microarray electrodes for the study of electroactive films [6, 7] . The deposition of PB on an interdigitated array electrode was performed for the first time by Murray and coworkers [8, 9] . In this paper the possibility of application of PB-covered IDA electrodes to the analysis of alkali ions is studied.
Experimental
The interdigitated array consists of two fingered electrodes (Pt), with 50 fingers each, being deposited on a 1 mm x I mm area of an insulating substrate (Si/SiO;?). The microstructures were patterned by means of ion beam etching (Fig. 1) .
After rinsing the IDA electrodes for several minutes in concentrated HCI and subsequent washing with water, PB films were potentiostatically deposited from an aqueous solution of 20 mM FeCl,, 20 mM K3 Fe( CN)6 and 0.01 M HCl at 0.5 V versus Ag/AgCl for 2.5 min. The films were about 300 nm thick. All chemicals used (Merck, Fluka) were of purissimum quality, and the water was triply distilled. The solutions were degassed by Ar bubbling throughout. Typical IDA electrode measurements were performed with a voltage, BE, of IO-50 mV applied between the two fingered electrodes, meanwhile potentiostatically controlling the bias potential, Eb, of the film with respect to an Ag/AgCl reference electrode. This electrode served at the same time as the counter electrode. The electronic equipment for this kind of measurement was a home-made current amplifier with a sensitivity up to IO-'* A. The measurement data were stored and processed by a computer (Commodore model 4032) via an A/D converter. All experiments were performed at room temperature 22 + 1 "C). 
Results and Discussion

General Considerations
In using a PB-coated IDA electrode as a chemiresistor, the following assumptions are made [13] :
(i) The PB film is in thermodynamic equilibrium throughout while measuring the steady-state (diffusion) current, id;
(ii) The reduction of the high-spin Fe redox centres within the film occurs reversibly and is accompanied by reversible insertion of cations from the electrolyte, without interaction of the latter with the host lattice.
Corresponding to the reaction oxf+e-+C+ eredf (1) the Nernst equation
holds, where oxf and redf denote the highspin Fe redox centres in the oxidized and reduced states, respectively, C+ denotes the cations in the electrolyte with concentration c. co is the standard concentration (1 mol dmw3), and x = c,,/Q is the mole fraction of oxidized redox centres with cf = co, + cred denoting the total concentration of the high-spin Fe redox centres.
(iii) The geometric arrangement of the PB-coated IDA electrode (see Fig. l(b) ) is simplified by neglecting those portions of the film above the fingers.
Dependence of the Steady-state Current, id, on the Bias Potential, E,,
A small voltage AE is applied between the two fingered electrodes and Eb is stepped by increments of 25 mV from 0 V to 0.375 V, i.e., from the reduced state of PB (Prussian White or Everitt's salt) to the oxidized state (PB). Within 2-3 min the current, i(t), reaches a steady-state value, id. In Fig. 2 , id normalized with respect to the maximum value, id, ", , is plotted as a function of E,, for three different concentrations of RbCl. For c = 1 M a nearly ideal bell-shaped curve is obtained. However, the width at half-height, A&,,, is remarkably larger (about 160 mV) than the value of 90 mV predicted by theoretical considerations on the basis of an ideal insertion electrode [lo] . It is therefore concluded that the insertion of Rb+ into PB occurs with some repulsive interaction with the host lattice, resulting in a broadened width of half-height [ 10, 111. E b, ,,, , depends on the concentration in a nearly Nernstian way as predicted by eqn (2). This is shown in Fig. 3 
Dependence of the Steady-state Current, id, on the Concentration, c
At a given reference concentration c', the maximum value of the steady-state current, i&,,, is measured at the bias potential, EL, m. Thereafter the electrolyte of the reference concentration is replaced by an electrolyte of unknown concentration, c. This corresponds to a transition of point A in Fig. 2 to The results for different values of c' are shown in Fig. 4 . The slope of the curve obtained experimentally ( -0.33 ) is smaller than the theoretical value ( -1) by a factor of three. This follows immediately from the fact that the AE,,, value increases with decreasing concentration, leading to id values larger than expected for an ideal BE,,, of 90 mV. Larger id values, however, cause a smaller slope (see Fig. 4 ). 
Selectivity Measurements
The selectivity of PB-coated IDA electrodes with respect to different alkali ions has bees studied by taking id/id, m -E,, curves for mixtures of alkali ions with variable concentrations. The potential, &,, ,,,, of the maximum steady-state current depends on the Cs+ concentration in a nearly Nernstian fashion, as demonstrated in Fig. 5 . The straight lines demonstrate that, except for Rb+ (curve e), the linear dependence of Eb, m on log a(Cs+) is not altered in the presence of 0.5 M solutions of Li+, Na+, and K+ ions, resulting in approximate selectivity coefficients [ 121 smaller than 10W3. For Cs+ with respect to Rb+, an approximate selectivity coefficient KCsRb z 10e2 can be estimated.
conelusions It has been demonstrated that PB-coated IDA electrodes can be considered as chemiresistors, the conductivity of which depends on the concentration of alkali ions in an adjacent electrolyte. Thus such systems, in principle, can be used as alkali ion sensors. For the non-optimized PB-coated IDA electrodes, an approximate detection limit of about 10e4 can be assumed. They show selectivity behaviour in the series Cs > Rb > K > Na > Li.
